NASA EXPLORER JHU

APL-ATSC-CNES-CS5A-CU-ICS-05C-5EAI-5TSIL




Outline of this Review
- Major Reservoirs of Gas: The IGM and Halo

- The low-redshift IGM (240% of () 10% 7
o L.solar

IGM Baryon and Metallicity Surveys (in filaments)
<2% Lsolar

(in voids)

Absorber Distances to Galaxies
Metal-Transport Distances (200-800 kpc)

- Galactic High-Velocity Clouds
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Connection to IR Cirrus? 108 Mgun in gas
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WHIM in the Cosmic Web
Cen & Ostriker (2006) simulations

Shock-heated Gas at 10° - 107 K




FUSE/HST Survey oK ((':S&)

(Danforth & Shull 2008, Ap), 679, 194

® 28 AGN with known Lyx absorbers (STIS/E140M)

® Measured absorbers in hydrogen Lyman series, plus
five metals [O VI, C lII, Si lll; Fe I, NV, C IV, Si 1V]

® 7z < 0.4 for Lyman lines (650 absorbers)

e 2<0.2for Clll 977A (found 39 systems)

® 2<0.4for OVI 1032, 1038A (found 83 systems)
® z<04for Silll 1206 (found 53 systems)
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~Missing® Baryons
537

Baryon Census (low-z)

Both of these
are uncertain

50708 - EUV radiation field

- Oxygen metallicity
- loniz corrections

Gal;;des - Cloud geometry




Impact Parameter [kpc)

(dN/dz)ovi = Absorber size

(tied to SDSS galaxies)
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+—Weak Lyx

In L' Complete Regions

L* Galaxies (435)

OVI Detections (23)

OVI Upper Limits (33)

Largest W, 1/2 of HI Lya Sample (69)
Smallest W, 1/2 of HI Lya Sample (69)
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Nearest-galaxy

distributions
Stocke et al. (2006)

OVI absorbers
track galaxies:

O VI absorbers lie
within 800 kpc of
L* galaxies

& within 200 kpc of
0.1 L* galaxies




Summary of Results:

|) We have accounted for ~50% of the baryons
- 10% in collapsed structures (galaxies, clusters)
- 30% in warm (10* K) photoionized gas (LyX)
- 10% in hot (10°> K) gas (O VI ultraviolet lines)

~

Other 50% may be in even hotter (10 K) gas

J

2) The hot (OVI) gas is close to galaxies, and
thus is a reservoir for low-Z gas infall

- Within 200 kpc of 0.1 L" galaxies (outflows?)
- Cooling = (O.I Msun/yl‘]infall to halos?




What's Next !

20x STIS (UV spectra
at |5 km/s resolution

e
Hubble SM4 (Oct 2008: Cosmic Origins Spectrograph)

Perhaps a restoration of STIS (UV echelle spectra)
OVII, OVIII, NVI, CV, CVI, NelX from Con-X (2020?)

Next-generation large (6-10m) UV/O space telescope!?

Theory: hot/cold gas interfaces, non-equilib.




COS-GTO Studies of IGM Az = 10
(253 orbits) pathlength

Large-Scale Structure in Baryons 100 orbits

Cloud sizes, LyX, metal lines, blazars (broad 18 QS0s

Ly absorbers), starburst wind outflows,
galaxy halos, high-velocity clouds

WHIM in Cosmic Web and Halos |00 orbits

High ions (O IVIV/VI, NV, C IV), BLAs, 17 Q50s
survey redshifts z out to 0.67

Great Wall Tomography 19 orbits, 4 QSOs

He |l Reionization Epoch 27 orbits, 4 AGN

(4 AGN at z = 2.7-3.2)



HST/COS Community Legacy Project!?

QSO Absorption-Lines: Az = 40 pathlength
500 orbits, 140 AGN (R = 20,000, S/N = 30)

- IGM Large-Scale Structure (“Cosmic VWeb™)
- Multiphase IGM and ISM (including WHIM)

- IGM metallicity (content, evolution, transport)
- Chemical extent of galactic halos & winds

- Feedback (energy, radiation, metals) to IGM
- Galactic high-velocity clouds, AGN outflows

Such proposals will be accepted for HST Cycles 18-20
Director Discretionary Time added for Treasury Programs




Topic #2: High Velocity Clouds

HST/FUSE sightlines
Wakker (2003) HVC overlay
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Temperature of MW Halo Gas

Teas = (Mmpy 0%/3kg) = (2%10° K)(0\/220 km/s)?

Or, the (cosmological) halo virial temperature:

Tur = (2%106 K) (M12)23 (Quh?/0.13)3 [(1+2,)/4]

Assumes: Pvir = |78 Qmpcrit Tvir (Ger MmH /Rwr)
wr (4]1/3) pwr (Rwlr)3 pcrit,O = (3H02/8TIG)
(and z,ir = 3)




OVI (HVCs) Coverage = 60-80%

Sembach et al. (2003)
FUSE survey

—-350 —-300 —-250




Si lll (HVCs) Coverage = 90%

Collins, Shull, & Giroux (2008)

@ Red-shifted @ Blue-shifted




X-ray Absorption (O VI, O VIIIl) - Chandra
PKS 2155-304 Sightline

[Fang, Canizares, & Yao 2007}
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Mass Estimates (Hot Gas near Galaxy)
Mhot = (4]TR2) [Novu (|.32m|-|)/(5x|0'4) Zo fov||]

= (1.3x10"3 Msun) (RMpc)? (Ni6) (0.2 Zsun /Zo)(fovi)”!

plus dark matter on Mpc scales?

Cannot exceed 20% mass of the Local Group

P

Hot-gas mass is probably ~107 Mgun
(Distributed as exponential-halo - 50 kpc scale height)

Assume: Nowvi = (10" ecm?) Nig, Rnot = (I Mpc) RMpe
Metallicity Zo = 20% solar, fovi = 0.40-0.98




“Highly lonized HVCs” - with low ions too!
(Collins, Shull, & Giroux 2005, 2006 Ap))
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Low ions (O |, C II, Si ll, Fe Il) along with O VI




PG1259+593 + | 0% solar
Mrk 817 '

J-l‘)\

PG1351+640

Mrk 290 + |0% solar

PG1626+554
Mrk AFLE & Mrk 501

J.|JI.II|IlI4I.|.

I % solar

Complex C- 1|l snghtlmes (HST/FUSE)
[Collins, Shull, & Giroux 2003, 2007/]

[O/H] ranges from 10-30% solar




Very little trend of (O/H) with Npj
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Complex C -- (O/H) Metallicities
Range from 10-30% Zsun in [O I/H 1]

Collins, Shull, & Giroux 2007 Ap), 657,27 |
(9 HVCs along 8 AGN sightlines)




InfraRed Cirrus




Cooler Gas !

§ A quasar behind
_ "% 100 pm IR cirrus
&% (one of 45 studied
S with FUSE in Hy)

Gillmon & Shull
(2006) Ap]
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Estimated Mass in IR Cirrus and H2 Gas
Very rough estimates (Gillmon/Shull 2006)

MH2 = 3000 Mgyn (local cone, b > 30°)
Mu2 = 107 Mgun (above entire disk)
M.as = 108 Mgun (above entire disk)

These estimates are made by integrating fn2 and
NHi over the 100 pm cirrus template (NGP).

Where did gas and metals come from!
What is the lifetime of the cirrus?




Could the cirrus come from cooling halo gas!?

Mhot = (2-10)%107 Mgun (from O VI & O VIl in halo)
teool = (2 Gyr) [Te/ n.4 A22s5] (cooling at 20% Zgun )

The cooling time will decrease
as temperature drops below 106 K
(peak cooling rate is at 300,000 K)

(dM/dt)hnt g (Mhnt/tcnnl)
= (0.05 Msun yr'')[n4 Aias / Te]

=Will accumulate 5X%107 My, per Gyr

(comparable to Mcirrus)



Summary

® Much of the halo and infalling HVCs have metallicities of
10-30% solar (Complex C mass-weighted mean is 13% solar).

® Hot halo gas (O VI and O VI|) exists kinematically with cooler
photoionized gas within 50-100 kpc. Reservoir 10° Msun. The
HVCs are clumps of cooling gas, falling through hot halo, with
conductive interfaces, shocks, and turbulent mixing layers.

® The Galactic thick disk contains ~108 Mg, of Ha-bearing cirrus.
The halo contains >108 Mq,n of hot gas (10° - 106 K).

Some cooling halo gas could end up
in the thick disk (IR cirrus), mixed
with dust and metals from the disk




